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ABSTRACT 
To maximize the efficiency of the UMass Wind Furnace I ,  a microprocessor 
based control system has been designed. The system can control blade pitch 
angle, yaw direction, and generator f ie ld  current. The control scheme for  
the system i s  determined by the microprocessor program. Therefore, th i s  
control system can also be used to simulate various types of mechanical, 
el ectro-mechanical , electronic,  and hydraul i c  control 1 ers by writing an 
appropriate control program. 
Introduction 
This report describe: a microprocessor based control system for  the 
UMass Wind Furnace I .  By basing the control system on a microprocessor, 
the control scheme can be changed by a1 tering the control program. This 
wi l l  enable thorough testing of many control schemes and also provide the 
ab i l i ty  to simulate various types of blade pitch, generator f i e ld  current, 
and yaw direction control 1 ers.  
The system will have the following nine basic components: 
1. Signetics ABC 1500 microprocessor board. 
2. Blade pitch systeni motor interface. 
3. Yaw system motor interface. 
4. Generator f i e ld  current interface. 
5. sixteen analog i n p u t  channels interface. 
6. '  Eight digi tal  inputs interface. 
7. Eight d ig i ta l  outputs interface. 
8. System Power Supply 
9. Low battery voltage feather c i rcu i t .  
Each of these components will be described in the following sections. A block 
diagram of the system is shown as Figure 1. 
Microprocessor 
The con t ro l  system i s  based on a Signet ics ABC 1500 Adaptable Board 
Computer. The ABC 1500 has the fo l lowing features and components: 
a. S ignet ics  2650 8 - b i t  microprocessor 
b. 500 e i g h t  b i t  words of read/wr i te  memory 
c. Signet ics PIPBUG operat ing system ROM 
d. Teletype i n te r f ace  
e. Two 8-bi t para1 l e l  I / O  por ts  
f. Buffered outputs fo r  address and data buses 
g. Microprocessor s ta tus  outputs. 
For complete in format ion about the ABC 1500 r e f e r  t o  S ignet ics  Appl ica t ion 
Note SP55, "The ABC Adaptable Board Computer," and t o  t h e  "Signetics 2650 
Microprocessor User Manual." The PIPBUG operat ing system i s  described i n  
S ignet ics  Appl i c a t i o n  Note SS50. 
Programs f o r  t he  con t ro l  system can be w r i t t e n  i n  assembly language 
and entered onto the  UMass computer system. An assembler f o r  t he  s igne t i cs  
assembly language i s  ava i l ab le  on the  UMass computer. The assembler w i l l  
read the  assembly language program, assemble it, and generate a paper tape 
o f  t he  machine code. The program can be loaded i n t o  the  microprocessor 
memory, through a te le type  paper tape reader, using t he  Pipbug "Load" command. 
A desc r i p t i on  o f  how t o  use the UMass Computer t o  assemble programs i s  given 
i n  Appendix I. Programs kan a lso be assembled by "hand." The machine code 
can be loaded i n t o  the microprocessor memory using the  Pipbug " A l t e r  Memory" 
command. 
The 500 words o f  read/wr i te  memory provided on the ABC 1500 i s  not  
enough memory f o r  the con t ro l  system. An add i t i ona l  lK(1024) words of read/ 
w r i t e  memory w i l l  be added. A schematic o f  the add i t i ona l  memory i s  shown 
i n  the Signets App l i ca t ion  Note SP55. I f  necessary, an add i t i ona l  28K 
words o f  memory can be added t o  the system. ' 
The ABC 1500 has outputs f o r  the 14 -b i t  address bus and the 8 - b i t  
data bus. One con t ro l  l i n e  ( M / ~ O )  determines whether the in format ion 
on the address bus i s  a  niemory address (M/m = t r ue )  o r  an I / O  device 
address (.M/m = fa lse ) .  1/0 devi.ce decoding i s  done w i t h  a  s i ng le  8- input  
nand gate (7430) as shown i n  Figure 2. Four con t ro l '  s igna ls  (M/IO,  F/w, 
E/@, OPREG) and ' the  f o u r l e a s t  s i g n i f i c a n t  b i t s  of the  address bus are used. 
By using f ou r  address l i nes ,  on ly  16 i npu t  and 16 output  devices are address- 
a b l e .  I f  more 1/0 por ts  a re  needed, the more s i g n i f i c a n t  address l i n e s  can 
be decoded. The f ou r  con t ro l  s igna ls  operate as fol lows: 
1. OPREQ = t r u e  when a1 1  o ther  s i gna l s ' a re  va l  id .  
2. E/NE = t r u e  when t he  processor i s  executing an extended 
1/0 i n s t r u c t i o n  ( I / O  device selected i s  on the 1/0 bus). E/NE = 
fa l se  when the processor i s  executing a  non-extended 1/0 i ns t r uc t i on .  
( I / O  being executed through p o r t  C o r  p o r t  D). 
- 
3.  R / W  = t r ~ ~ e  when the  processor i s  executing a  w r i t e  i n s t r u c t i o n  t o  
memory o r  an 1/0 device. 
- 
R/W = fa lse when the  processor i s  executing a  read i n s t r u c t i o n  
from memory o r  an 1/0 device. 
4. t4/m explained above. 
The output  o f  the  nand gate w i l l  be a  pulse f o r  the durat ion o f  OPREQ 
as shown by the s igna l  t iming diagram. This pulse can be used fo r  1/0 
por ts  t o  c lock  data between the data bus and the 1/0 device. 
Two 8 - b i t  1/0 por ts  (C p o r t  and D p o r t )  a re  provided on the ABC 1500. 
These por ts  a re  addressable by non-extended I / O  i n s t r uc t i ons .  Non-extended 
1/0 i ns t r uc t i ons  a re  on ly  two words long and on ly  take two machine cycles 
(6 microseconds) t o  execute as opposed t o  extended 1/0 i ns t r uc t i ons  which 
a re  three words long  and take 3 machine cycles (9  microseconds) t o  execute. 
The ABC 1500 p r i n t e d  c i r c u i t  board has jumper w i r e  connections t o  
se lec t  var ious opt ions.  A l i s t  of the jumpers used i s  in. Appendix 11. 
8 D i q i t a l  Inputs and 8 D i g i t a l  Outputs 
The i n te r f aces  f o r  8 d i g i t a l  outputs and f o r  8  d i g i t a l  inputs  a re  
shown i n  F igure 3. When the  processor executes a  w r i t e  extended i n s t r u c t i o n  
addressing t he  8  d i g i t a l  outputs in ter face,  the contents o f  a  r e g i s t e r  i s  
placed on the  data bus and i s  clocked from the  data bus i n t o  the  7475 
latches.  The informat ion i s  he ld  u n t i l  the next  write-extended i n s t r u c t i o n  
addressing the  8 d i g i t a l  outputs in ter face i s  executed. When the  processor 
executes a  read extended i n s t r u c t i o n  addressing the  8  d i g i t a l  inputs  i n t e r -  
face the 8T26 tri s t a t e  buf fers  are  enabled, t r a n s f e r r i n g  the data a t  the 
inputs  t o  the data bus. The 8T26 bu f f e r s  a re  i n  t r i s t a t e  mode a t  a l l  o ther  
times . 
Generator F i e l d  Current  I n te r f ace  
The f i e l d  cu r ren t  in te r face  suppl i es  cu r ren t  t o  the generator f i e l d  
p ropor t iona ly  t o  an 8 - b i t  number sent from the  microprocessor. The i n t e r -  
face can supply f i e l d  cu r ren t  i n  the range o f  $ t o  1  amp; therefore,  f i e l d  
cu r ren t  i s  ,ad jus tab le  i n  3.9 m i l l  iamp increments. A schematic o f  the i n t e r -  
face i s  shown.in Figure 4  and the operat ion i s  as fo l lows:  
When t he  processor executes a  write-extended 1/0 i n s t r u c t i o n  addr.essing 
the  f i e l d  cu r ren t  in ter race,  a  word (8 -b i t s )  i s  clocked from the data bus 
i n t o  two 4 - b i t  latches. The 8 - b i t  output  of the la tches i s  coqverted i n t o  
an analog vol tage by -a r e s i s t o r  ladder network d r i ven  by LM224 op amps. (The 
op amps a re  used as bu f f e r s  because the outputs o f  the  latches a re  not  0  
v o l t s  when the  output  i s  l o g i c a l  0.) The output  o f  the  D/A i s  i n  the  range 
o f  0 t o  1  v o l t  d.c. This analog .voltage con t ro ls  a  regulated cur rent  
supply c i r c u i t  cons is t ing  of an op amp, a  power t ran 's i s to r ,  and a  1  ohm 
r e s i s t o r .  The op amp compares t he  desired f i e l d  cu r ren t  s ignal  (output  o f  
the  D/A) t o  a  feedback s igna l  propor t iona l  t o  t he  cu r ren t  passing through 
the  generator f i e l d  winding. The op amp suppl i e s  enough base cur ren t  t o  
t h e  t r a n s i s t o r  t o  make t he  feedback s igna l  equal t o  the  desired f i e i d  cu r ren t  
s igna l .  
If ( f i e l d  cu r ren t )  = 1  amp/vol t x vin (output  o f  A/D). This t rans fe r  
funct ion does n o t  depend on the  generator f i e l d  winding resistance. This 
i s  necessary because the  f i e l d  winding res is tance var ies  w i t h  temperature. 
Manual con t ro l  o f  the f i e l d  cu r ren t  i s  achieved by swi tching the 
i n p u t  o f  the  cu r ren t  regu la to r  c i r c u i t  from the D/A output  t o  a  potentiometer 
wired as a va r i ab le  vo l tage d iv ide r .  
P i t c h  and Yaw Motor In te r faces  
The blade p i t ch i ng  system and the'yaw d i r e c t i o n  system use 24 v o l t  
D.C. motors. The in ter faces between the  ABC 1500 and t he  motors cons is t  o f  
a  pu lse w id th  modulator (shown i n  F igure 5) and a  swi tching t r a n s i s t o r  
br idge a m p l i f i e r  (shown i n  Figure 6 ) .  The pulse wid th  modulator i s  con t ro l led  
by a word sent  from the ABC 1500. Glhen the processor executes a w r i t e  
extended i n s t r u c t i o n  addressing a motor in ter face,  the 110 device decoding 
c i r c u i t  c locks a word from the data bus i n t o  two 4 - b i t  latches.  The most 
s i g n i f i c a n t  b i t  o f  the word con t ro ls  motor d i r e c t i o n  and the seven l e a s t  
s i g n i f i c a n t  b i t s  con t ro l  motor speed. (Since there  a re  7 b i t s  t o  determine 
motor speed, t h e  motor can be d r i ven  a t  128 speeds. ) Two 4 - b i t  magni tilde 
comparators a r e  wired together t o  form a 7 - b i t  magnitude comparator. The 
,I  
7 - b i t  i npu t  i s  connected t o  the  "Q inputs  o f  the magnitude comparator. The 
"B" i npu ts  of  t he  magnitude comparator are  connected t o  the output  o f  a 
7 - b i t  b i na ry  counter. The counter skips the  010 s t a t e  and counts from 110 
t o  12710. The counter i s  r un  from the system c lock  (1 MHz). The "A=BU and 
"A>B" outputs a r e  or-ed together t o  form an "ALB" output. This output  w i l l  
be t r u e  whenever t he  magnitude of the i npu t  word i s  greater  than o r  equal t o  
the  output  o f  the counter. Therefore, the  "A>B" output  w i l l  be a square 
wave o f  per iod = 127 x c lock  per iod = 127 microseconds. The duty cyc le  
o f  the  ou tpu t  (% t ime output  t r ue )  = ( i npu t  #/127) x 100%. An example o f  
t h i s  pu lse w id th  modulat ion scheme for  a 2 - b i t  system (4 motor speeds) i s  
shown i n  F igu re  7. 
The pu lse w id th  modulated s igna l  i s  gated t o  the  +W output  o r  t o  the 
-W output  depending on the  most s i g n i f i c a n t  b i t  o f  the  i n p u t  word. The +W 
and -W outputs  a re  connected t o  the +W and -W i npu ts  o f  the  swi tch ing t rans is  
t o r  b r idge  ampl i f i e r .  When the +W inpu t  of the b r idge  ampl i f i e r  i s  t r u e  
cu r ren t  f lows through t he  motor from M I  t o  M2. When the -W i npu t  o f  the 
b r idge  ampl i f i e r  i s  t rue,  cu r ren t  f lows through the  motor from 1.12 t o  MI .  
Manual con t ro l  o f  blade p i t c h  angle and yaw d i r e c t i o n  are  necessary 
f o r  t e s t i n g  and serv ic ing  the wind generator. The implementation o f  manual 
motor speed and d i r e c t i o n  con t ro ls  f o r  the yaw and p i t ch i ng  systems i s  shown 
i n  F igure 8. When the auto/manual switch i s  i n  the  automatic pos i t i on ,  the 
+W and -W outputs o f  the pu lse wid th  modulator a re  connected t o  the +W 
and -W i npu ts  o f  the  b r idge  ampl i f i e r ' .  When the auto/manual swi tch i s  i n  
the manual pos i t i on ,  the +W and -W inputs o f  the br idge ampl i f i e r  are  connected 
through a d i r e c t i o n  con t ro l  swi tch and a push bu t ton  d r i v e  swi tch t o  a 
manually c o n t r o l l e d  pulse wid th  modulator c i r c u i t .  The speed con t ro l  
potentiometer i n  t he  manual pulse wid th  modulator changes t he  pulse wid th  
o f  t he  ou tpu t  s igna l ,  vary ing the speed o f  the  motor. The d i r e c t i o n  con t ro l  
swi tch sets  t he  d i r e c t i o n  the  motor w i l l  d r i v e  when the d r i v e  con t ro l  
pushbutton i s  pressed. 
The yaw d i r e c t i o n  system a lso has a damp/drive feature.  I n  the damp 
mode, t h e  yaw motor leads a re  shorted together t o  make the motor a c t  as a 
damper. I n  the  d r i v e  mode t he  yaw motor i s  connected t o  the br idge ampl i- 
f i e r .  To a l low processor and manual con t ro l  of the  damp/drive feature, the 
motor leads a re  connected t o  a DPDT r e l a y  ( r e f e r  t o  Figure 9).  When the 
auto/manual sw i tch  i s  i n  the  manual pos i t ion,  t he  re l ay  c o i l  i s  connected 
t o  the damp/drive switch. When the auto/manual swi tch i s  i n  the auto- 
matic pos i t i on ,  t h e  r e l a y  c o i l  i s  con t ro l l ed  by b i t  @ = true, the r e l a y  i s  
i n  t h e  d r i v e  mode. When b i t  0 = fa lse,  the  re l ay  i s  i n  the  damp mode. 
16 Analog Inputs In te r face  
The c i r c u i t  f o r  i n t e r f ac i ng  16 analog channels t o  the ABC 1500 
i s  shown as Figure 10. The i n te r f ace  i s  based on a  National Semiconductor 
ADC0816 "Single Chip Data Acqu is i t i on  System." The main components o f  the 
ADC0816 a re  a  s ic teen channel analog mu1 t i p l exe r ,  address la tches f o r  the 
analog mu1 t i p l  exer, and an 8-bi t successive approximation type analog t o  
d i g i t a l  converter. The 4 - b i t  address s ignal  f o r  the analog mu1 t i p l e x e r  i s  
received from the ABC 1500 p o r t  C. The 8 - b i t  output  of the  A/D i s  sent  t o  
the ABC 1500 p o r t  D. The i n te r f ace  a lso  makes use o f  the OPACK and WPC 
con t ro l  s igna ls  o f  the ABC 1500. The operat ion of these con t ro l  s igna ls  
i s  as fo l lows:  
WPC: When the processor executes a  w r i t e  p o r t  C i ns t r uc t i on ,  the 
contents o f  the spec i f i ed  r e g i s t e r  i s  t rans fe r red  t o  p o r t  C. 
the WPC s ignal  goes t o  l o g i c a l  one fo r  the dura t ion  o f  one c lock 
per iod  (1 microsecond) when the data has been t ransferred t o  
p o r t  C. 
- OPACK: When OPACK = t r ue  the processor i s  pu t  i n t o  a  w a i t  s ta te .  
When OPACK = fa lse,  the processor i s  i n  the running s ta te .  
The operat ion o f  the  i n te r f ace  i s  as fo l lows: 
The number o f  an i npu t  channel (0-1 5) i s  loaded i n t o  a  r eg i s te r .  The 
processor then executes a  w r i t e  p o r t  C i ns t r uc t i on ,  t rans fe r r ing  the  contents 
of the r e g i s t e r  t o  p o r t  C. The WPC l i n e  i s  connected t o  the s t a r t  convert 
( s t a r t )  and address l a t c h  enable (ALE) inputs  o f  the ADC 0816. When WPC . 
pulses, the  l e a s t  s i gn i f i can t  4 -b i t s  of  p o r t  C a re  clocked i n t o  the i npu t  
latches o f  the analog mu1 t i p l  exer, and the A/D s t a r t s  conver t ing the selected 
8 
channel. While the A/D i s  convert ing the end o f  convert  (EOC) output o f  
the ADC 0816 goes t o  l og i ca l  zero. The EOC l i n e  i s  connected through an 
i nve r te r  t o  the ABC OPACK l i n e .  Therefore, when the A/D i s  convert ing 
the processor i s  put i n  the wa i t  s ta te .  When the conversion i s  completed, 
EOC goes t o  l o g i c a l  one (OPACK dr iven t o  l o g i c a l  zero) and the processor 
s t a r t s  running again. The next  i n s t r u c t i o n  t h a t  the processor executes i s  a 
read p o r t  D ins t ruc t ion .  This w i l l  read the  output o f  the A/D, through 
p o r t  D, i n t o  a reg is te r .  
The ADC 0816 i s  powered by a s ing le  5-vol t supply. Therefore, the  
analog inputs must be i n  the  range o f  0 t o  5 vo l t s .  The Zener diodes 
across the  inputs are f o r  overvol tage protect ion.  The i n i t i a l  cont ro l  
system w i l l  have ' f i ve  sensors t h a t  produce analog outputs. The sensors are: 
1. Rotor RPM sensor: The r o t o r  speed sensor i s  a d.c. tachometer 
generator. It has a 1 inear vol tage output o f  0.13 v o l t s  per 
r o t o r  rpm. The output o f  the tachometer w i l l  be connected t o  the 
ADC 0816 through a r e s i s t o r  vol tage d i v i de r .  
2. P i t ch  Angle Sensor: A potentiometer i s  geared. t o  the p i t ch ing  
. 
1 inkage t o  provide a p i t c h  angle s ignal .  The potentiometer i s  
connected across +5 v o l t s  and ground. The output  i s  taken from 
the  wiper. 
3. Yaw D i rec t i on  Sensor: A potentiometer i s  geared t o  the  yaw 
d i r e c t i o n  system. The potentiometer i s  connected across i t s  
v o l t  and ground and the  yaw d i r e c t i o n  s ignal  i s  taken from the 
wiper. 
4 & 5. Wind Speed and Di rect ion:  A Cl imatronics anemometer i s  
mounted on a tower on top o f  the Solar Hab i ta t  I. The Climatronics 
Wind Speed and D i r e c t i o n  c h a r t  recorder has d.c. vo l tage  outputs 
t h a t  a r e  p ropor t i ona l  t o  wind speed and wind d i r e c t i o n .  These 
outputs a r e  i n  t h e  range o f  0  t o  1  v o l t  and w i l l  be connected 
t o  t h e  ADC 0816 through op amps. 
Sys tern Power Supply 
The power supply requirements o f  t h e  system are: 
48 v o l t s  d.c. a t  1.0 amps 
24 v o l t s  d.c. a t  10 amps 
5.0 v o l t s  d.c. a t  2  amps. 
The 5.0 v o l t  d.c. supply powers t h e  ABC 1500 and a11 o f  t h e  TTL in teg ra ted  
c i r c u i t s  i n  t h e  in te r faces .  The 48 v o l t  supply i s  f o r  t h e  generator f i e l d  
c u r r e n t  i n te r face .  The f i e l d  c u r r e n t  i n t e r f a c e  has a  c u r r e n t  r e g u l a t o r  
ou tpu t  c i r c u i t  so t h a t  t h e  48 v o l t  supply does n o t  have t o  be regulated.  
The 24 v o l t  supply i s  used t o  power t h e  p i t c h  and yaw motors; there fore ,  
i t  does n o t  have t o  be regulated.  
A schematic o f  the  system power supply i s  shown as F igure  11. The 
48 supply i s  made by cascading a  24 v o l t ,  1  amp, power supply w i t h  t h e  
24 v o l t ,  10 amp supply. The b a t t e r i e s  f l o a t  across the outputs. I f  1  i n e  
power i s  l o s t ,  t h e  system w i l l  be powered by t h e  b a t t e r i e s .  Due t o  the  long 
1  ength o f  t h e  1  eads between t h e  motors and t h e  con t ro l  1  e r  (approximately 
100 fee t ) ,  i t  may be desi.rable t o  d r i v e  t h e  motors from a  h igher  vol tage.  
The Stancor P-8621 t ransformer has taps f o r  24, 26, 28, and 30 v o l t s .  The 
power b r i d g e  , r e c t i f i e r  can be connected t o  any o f  t h e  taps as long  as 
a d d i t i o n a l  b a t t e r i e s  a r e  p u t  i n  se r ies  w i t h  t h e  24 v o l t  b a t t e r y  (i .e., i f  
t h e  30 v o l t  tap  i s  used, a  s i x  v o l t  b a t t e r y  should be p u t  i n  se r ies  w i t h  the  
24 v o l t  b a t t e r y ) .  I f  t h e  24 v o l t  supply i s  increased, t h e  48 v o l t  supply 
w i l l  be increased by the same amount. This w i l l  n o t  e f f e c t  the f i e l d  
cur rent  i n t e r f a c e  because o f  the cur rent  regu la to r  c i r c u i t .  
Low Bat tery  Vol tage Feather C i r c u i t  
When l i n e  power i s  l o s t ,  the cont ro l  system w i l l  be powered by 
the ba t t e r i es .  If 1 i n e  power i s  l o s t  f o r  an extended amount o f  time, 
the b a t t e r i e s  w i l l  compl e t e l y  discharge. The low bat tery  voltage feather 
c i r c u i t  monitors t he  ba t te ry  vol tage and w i l l  i n t e r r u p t  the processor i f  
the b a t t e r y  volrage drops below a predetermined l eve l .  I n  response t o  the 
i n te r rup t ,  t he  processor w i l l  feather the wind generator. A schematic 
o f  the  c i r c u i t  i s  shown as Figure 12. 
The 24-vol t  supply i s  used as the i npu t  t o  the  5 v o l t  regulator.  
The regu la to r  w i l l  produce 5 .vol ts a t  the output f o r  any i npu t  vol tage 
greater  than 8 v o l t s .  Therefore, the  output o f  a  vol tage d i v i d e r  connected 
t o  the 5-vol t supply i s  used as a  reference volrage. The output i s  compared 
t o  the reference vol tage w i t h  an LM311 vol tage comparator. The output o f  
the LM311 i s  connected t o  the INTREQ ( i n t e r r u p t  request) input. o f  the ABC 1500. 
When the 24 vo l  t s ~ ~ p p l y  output  decreases such t h a t  the  d i v i d e r  output i s  
less than t he  reference vol tage the LM311 dr ives INTREQ t o  l o g i c a l  zero. 
When INTREQ equals l o g i c a l  zero, the processor f in i shes  executing the 
cur ren t  i n s t r u c t i o n  and then begins t o  execute a  "Zero Branch t o  Subroutine, 
Rela t ive"  i ns t ruc t i on .  This i n s t r u c t i o n  i s  a  branch t o  an address r e l a t i v e  
t o  page zero, word zero of memory. The i n s t r u c t i o n  a lso sets the INTACK 
( i n t e r r u p t  acknowledge) output of the processor t o  l og i ca l  one. Mhen the 
INTACK s ignal  i s  generated, the processor reads the r e l a t i v e  address from 
the data bus. The INTRACK signal  i s  used t o  enable the 8T98 t r i - s t a t e  
buffers, clocking the re la t ive  address onto the data bus. The re la t ive  
address used, -6310, will cause the processor to  branch to location 81 2910. 
The subroutine tha t  s t a r t s  a t  location 812g10 will feather the wind generator, 
and ha l t  the microprocessor. 
Sampl e Program 
T h i s  section describes a sample program t h a t  will control the 
wind generator the same way tha t  the existing control system does. 
The existing system uses the yaw motor as a damper (motor leads shorted 
together). The control ler  senses rotor speed and uses an If  vs RPM look- 
up table  to  determine generator f i e ld  current; the blade pitch angle is 
determined as  follows: 
I f  windspeed 2 50 mph then the machine is feathered (pitch angle = 90"). 
I f  RPM c 10 then pitch angle i s  s e t  to  40°. 
If 10 < RPM < 167 then pitch angle i s  s e t  to  0'. 
I f  RPM > 167 then pitch angle i s  increased a t  fu l l  speed of the pitch 
motor unt i l  RPM 167. 
A flow char t  f o r  a program to  accompl ish the above control scheme i s  shown 3s 
Ftgure 13. In order to  write the program, the following devise and signal 
address assignments a r e  assumed. 
LABEL 
1/0 DEVICE 1/0 BUS ADDRESS 
P i tch  Motor In te r face  0 
Yaw Motor In te r face  1 
F i e l d  Current In te r face  2 
8 D i g i t a l  Inputs Inter face 3 ' 
8 D i g i t a l  Outputs In te r face  4 
Analog Signal Analoq Inpu t  Channel # Signal Remarks 
Rotor Speed fl 256 rpm f u l l  scale 
P i t c h  Angle 1 128" f u l l  scale 




Loor RB, BB Set Rfl = fl 
WRTE 'R@, 84 Set yaw r e l a y  t o  dzrnp 
LODI R3, $2 
WRTC R3 
REDD R3 
LODI R1, fl1 
WRTC R1 
REDD R1 






R3 = windspeed 
R1 = I  
Convert p i t c h  angle 






LODA RP, 6000 
WRTE Rp, 2 
COMI R3, 50 
BCTA 2, SKPl 
COMI  R1, 90 
BCTA 2, SKP2 
LOP1 R1, fl 
WRTE R1, l3 
BCTA 3, START 
S KP2 LODI R l ,  256 
WRTE R1, 0 
BCTA 3, START 
S KPl COMI R2, 10 
BCTA 1 , SKP3 
COMI C1, 40 
BCTA 1 , GREATER 
BCTA 2, LESS 
LODI R1, 0 
WRTE R1, $3 
BCTA 3, START 
GREATER LODI Rl, 127 
WRTE R1, $3 
BCTA 3, START 
RO=f ie ld c u r r e n t  value from lookup t a b l e  
Send f i e l d  c u r r e n t  value t o  i n t e r f a c e  
Compare wind speed t o  50 mph 
Go t o  SkPl if windspeed < 50 
Compare p i t c h  angle t o  90" 
Go t o  SKP2 i f  p i t c h  angle 90" 
R1=0 
Stop p i t c h  motor 
Go t o  START 
Set  R1=256 
Increase p i t c h  ang le  a t  f u l l  speed 
Go t o  START 
Compare RPM t o  10 
I f  RPM > 10 go t o  SKP3 
Compare p i t c h  ang le  t o  40" 
I f p i t c h  angle >40° go t o  GREATER 
If p i t c h  angle <40 go t o  LESS 
R1 =O 
Stop p i t c h  motor 
Go t o  START 
Decrease p i t c h  ang le  a t  f u l l  speed 
Go t o  START 
LAB EL OPERATION COMMENTS 
LESS LODI R1, 256 
WRTE R1, 0 Increase p i t c h  angle a t  f u l l  speed 
BCTA 3, START Go t o  START 
SKP3 COMI  R2, 167 Compare RPM t o  167 
BCTA 1 , SKP4 I f  RPM >I67 go t o  SKP4 
COMI R1, f9 Compare p i t c h  angle t o  0 O  
BCTA 1, NOT $4 I f  p i t c h  angle 0" go t o  NOT 0 
WRTE R1, fl Stop p i t c h  motor 
BCTA 3, START ' Go t o  START 
NOT jl LODI R1, 127 
WRTE R1, 0 Decrease p i t c h  angle a t  f u l l  speed 
BCTA R l  , 256 
SKP4 LODI R1, 256 
WRTE R1, $4 Increase p i t c h  angle a t  f u l l  speed 
BCTA 3, START Go t o  START. 
This program w i l l  execute the  con t ro l  loop a minimum o f  1400 times per 
second. It requi res 129 words o f  mernory. 
I Sys tem Opera t i o n  
A f t e r  a program f o r  the c o n t r o l l e r  has been wr i t ten ,  assembled, and 
a paper tape o f  the machine code has been generated (see Appendix I) the 
system i s  s ta r t ed  as fo l lows: 
1 . Set p i t ch ,  yaw, and f i e l d  cur rent  cont ro l  s t o  manual mode. 
(This i s  necessary because when the system i s  powered up, data 
i n  t he  latches i n  the in ter faces i s  indeterminate. ) 
2. Turn. power switch on. 
3. Press RESET button. 
4. Use the  LOAD comnand o f  ' the Pipbug operat ing sys tern t o  1 oad the 
program i nto memory. 
5. Use t h e  GOT0 comnand of the  Pipbug operat ing system t o  s t a r t  
executing the program. 
6. Set P i tch,  Yaw, and F i e l d  Current switches t o  auto mode. Whenever 
the system i s  r e s e t  t o  the Pipbug operat ing system, a l l  auto/ 
manual switches should be se t  t o  manual. 
Appendix I - Assembling Programs 
To use the Signetics Assembler program on the UMass Computing 
System, the fo l lowing steps are taken: 
1. Tape the assembly language program i n t o  a TEXT FILE. 
2. Assign the t e x t  f i l e  t o  TAPE 9 using the Rename Commqnd: RENAME, 
TAPE9=Tex t f i 1 e name 
3.  Use Get command t o  access assembler program: 
GET, SIGNET B/UN=AORMl fl8 
4. Assemble the program by typing: 
SIGNETB, , ,TAPE3,, , 
5. To get a 1 i s t i n g  of the  assembly language program and the e r ro r  
messages generated by the assembler, type: 
REWIND,TAPE3 
LIST,F=TAPE4 
6. To produce a paper tape o f  the machine code, type: 
REWIND, TAPE4 
Then tu rn  te le type  tape punch on and type: 
LIST, F=TAPE4 









For Pipbug and RAM memory conf igurat ion 
I1  I1 I 1  I 1  I1 
For 20 m i l l  iamp cur ren t  loop I'IY i n t e r f ace  
I 1  1) I 1  I1  I1  I1  11 
For i n te rna l  c lock  
For read/wri t e  cont ro l  o f  C and D busses 
w i t h  one l i .ne  only. 
For d isab l ing  C p o r t  on i n te r rup t s .  
Appendix I11 - Figures 1 through 13 
'Figure 
Control System Block Diagram 
1/0 Port Decoding 
Eight Digital Inputs/Outputs Interface 
Generator Field Current Interface 
Pulse Width Modulator 
Bridge Amplifier 
Two Bit Pulse W i d t h  Modulator 
Manual Pitch and Yaw Controls 
Yaw Damp-Drive Controls 
Sixteen Analog Inputs Interface 
Power Supply 
Low Battery Vol tage Feather Ci rcui t 
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, REGUL A TOR 
24 V K *  
- - 
- IN/ W I  -DATA B ~ / S  o
+5- 
- I 1  1 1  3 
I I  1 1  4 
- IN6 
DIS 2 
SET YAW SYSTEhl 
b 
RE40 WINO SPEED 
READ PITCH ANGLE 
REA D R Pit.1 
LOOKUP FlFl D CUFiiiFNT 
[IS WINO SPEED 2 50 M PH YES 
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YES NO 
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